The CCP4 (Collaborative Computational Project, number 4) program suite is a collection of programs and associated data and subroutine libraries which can be used for macromolecular structure determination by X-ray crystallography. The suite is designed to be flexible, allowing users a number of methods of achieving their aims and so there may be more than one program to cover each function. The programs are written mainly in standard Fortran77. They are from a wide variety of sources but are connected by standard data file formats. The package has been ported to all the major platforms under both Unix and VMS. The suite is distributed by anonymous ftp from Daresbury Laboratory and is widely used throughout the world.
Introduction

CCP4
(Collaborative Computational Project, number 4) was established in 1979 and involved a group of protein crystallographers who have pooled their programming effort and expertise to create a suite of computer programs for the processing and analysis of protein crystallographic data. The project started in the UK, supported by the Science and Engineering Research Council (SERC), but is now integrated with the European Science Foundation (ESF) Network of the European Association of the Crystallography of Biological Macromolecules (EACBM).
The CCP4 program suite is a set of separate programs which communicate via standard data file formats. The advantage of this organization is that it is easy to add new programs or to modify existing ones without interfering with the other parts of the suite and it is possible to combine programs in new ways, linked by the Unix shell or VMS command language. Most of the computer code is written in standard Fortran77 and conversion of new programs to follow the CCP4 standard is relatively staightforward providing that they are written in standard Fortran77. (1992) Briefly, the suite contains programs for the reduction and analysis of intensity data, structure solution by isomorphous replacement and molecular replacement, least-squares refinement and analysis of the structure. There are programs for displaying electron-density maps and plotting molecules. The suite has been used for the determination and refinement of a large number of protein structures, of which some recent examples are listed in Table 1 .
The program suite
The program package comprises several different elements which are briefly described.
Programs
The programs have been collected from a variety of sources and cover most aspects of macromolecular crystallography, with alternatives for some processes. They are distributed by CCP4 thanks to the generosity of the program authors. Table 2 lists the programs which are currently distributed as part of the suite. Navaza (1990) Wang (1985), Leslie (1987) Ten Eyck (1973) Wang (1985), Leslie (1987) Terwilliger & Eisenberg (1983, 1987) Kabsch (1978) Otwinowski (1991) Winkler et al. (1979) Laskowski et al. (1993) Hendrickson (1985) Hendrickson (1985) Knight (1989) Read (1986) Tickle (1992) French & Wilson (1978) Tickle ( 1991 ) 761 Library CCP4 maintains a library of subroutines for performing the basic crystallographic and programming operations. There are routines for reading and writing the standard format files for reflections, atomic coordinates, maps and plotting, and routines for parsing the keyworded input. The library also contains forward and reverse fast Fourier transform routines (Ten Eyck, 1973), routines for handling crystallographic symmetry, some mathematical functions and a small number of machine-specific routines.
Documentation
The documentation is in several sections. The CCP4 manual describes installation and gives an overview of the suite with information on how to use the programs to perform various tasks. There is specific documentation for the individual programs, which is available in the form of 'man' pages on Unix systems, and there is documentation for the subroutine libraries. The suite also contains example files for many crystallography procedures and related test data.
Using the programs
In order to use the programs certain environment variables need to be set to appropriate values. A setup script is supplied to do this. It requires initial modification to adapt it to an individual system and should be executed by CCP4 users when they log in. The programs are run interactively or in batch mode using shell scripts with Unix systems and command files with VMS systems. Example scripts and command files are distributed which can be modified by the user. The control data for most programs is keyworded and is of the form of records with a leading keyword, usually followed by arguments which might be numbers or strings or keyword/value pairs. Log files are produced which contain information on the progress of the program and which may be printed. Tables within the log files are formatted so that statistics can be extracted and plotted as graphs using the facility Xloggraph which is supplied with the suite.
File formats
There are four types of file format for reflection data, map data, coordinate data and graphics metafiles. The coordinate data files are ASCII but the map and reflection data files are binary. The binary format is compact and can be read fast without loss of numerical accuracy relative to a text format. To ease the transfer of binary files, the file headers contain information about the computer on which they were created. This information is used by the subroutines which read and write reflection files to allow files created by CCP4 programs to be used by CCP4 programs on most types of computer in a manner which is transparent to the user.
The reflection file format is known as MTZ and it uses fixed length records with, in general, four bytes for each data item, with a minimum of three and a maximum of 200 data items per record. The files comprise two classes of record; header records and reflection data records. The header records contain information such as titles, cell parameters and symmetry operators. The reflection data are stored notionally as columns of real numbers, each referred to by an alphanumeric label. The first three columns are usually the Miller indices of the reflection, with labels H, K and L. The programs allow the user to set up a correspondence between the labels in the data file and names of the data columns expected by the program. Standard MTZ files have one record per reflection. However, during the initial data processing, unmerged data are stored in multirecord files in which each record represents one observation.
The standard format adopted for coordinate data is that used in the Brookhaven Protein Data Bank (Abola, Bernstein, Bryant, Koetzle & Wang, 1987; Bernstein et al., 1977) . The programs of the suite will handle either complete files or files containing only a subset of the types of records which may be present in a complete file, usually the ATOM and HETATM records. There is an intention to move to the CIF format when this becomes the standard format for storage of macromolecular coordinate data.
Maps are stored in a randomly accessible binary file as a three-dimensional array preceded by a header which contains all the necessary information about the map including dimensions of the array, cell parameters, symmetry information and maximum, minimum and mean density values. CCP4 currently uses a graphics metafile format called PLOT84 and routines are supplied for its implementation. Programs are distributed to convert PLOT84 into other graphics formats including PostScript.
Installation
The program suite has been implemented on a large number of hardware platforms under the Unix and VMS operating systems. Installation is straightforward and full instructions are given in the CCP4 manual. Installation under Unix utilizes a script to configure to the appropriate hardware and operating system variant prior to building. Command files are provided to carry out the installation under VMS. A small number of the library routines and one of the programs are written in C.
Distribution
The program suite is licensed free to academic institutes by Internet ftp or on a variety of media for a small handling/media charge. The programs may be obtained by Internet ftp from anony-mous@ccp4.dl.ac.uk:pub/ccp4. Separate arrangements are made for commercial organizations who should contact CCP4 directly. For further details about CCP4 or to obtain the programs please contact the CCP4 Secretary at Daresbury Laboratory (email: ccp4@dl.ac.uk).
A large number of people have contributed to CCP4 over the years and we thank them for their time and effort. CCP4 is supported by the SERC and the ESF Network of the EACBM.
